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ATTACK ON THE PRESSURE RECOVERY OF A CIRCULAR
NOSE INLET WITH SEVERAL 1LITP SHAPES

By James R, Blackeaby
SUMMARY

Wind~tunnel tests were conducted to ascertain the total-pressure
recovery of a clrcular nose inlet utlilizing various shapes of inlet lips,
The tests were conducted at a free-stream Mach number of 0.237 with inlet
flOWsoranging from low values to choking and at angles of attack from O°
to 25”7,

A sharp inlet 1ip having a wedge engle of T7-1/2° was tested in addi-
tion to two circular-arc profiles and two elliptical profiles formed
within the wedge of the sharp lip by cutting back the leading edge vari-
ous amounts, It was found thet for a given amount of cutback, the ecir-
cumferential variation of total pressure at the measuring station (the
simulated entrance to a turbojet-engine compressor) was about the same
with either an elliptical- or circular-arc-profile 1lip; however, the
average total-pressure recovery cheracteristics were better with the
elllptical-profile lip,

INTRODUCTION

In reference 1, the results are presented of an investigation of
gsome of the effects of 1ip shape on the low-speed characteristices of
circulsr nose inlets at an angle of attack of 0°, TIn practice, the low
subsonic speeds and the high mass-~-flow ratlos covered in those tests are
agssoclated wilth the moderate to hlgh angles of attack occurring during
landing or take-off, The present report covers an extension of the
investigation reported in reference 1 to include the measurement of the
effects of angle of attack on the total-pressure recovery at tThe entrance
to the simulated turbojet-engine compressor in the wind-tunnel model,
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The body of révolution and five of the -inlet-lip profiles of ref-
erence 1 were utilized in the present tests, The 1lip profiles included
the sharp llp, two of the lips with circuler-arc profiles (providing
inlet contraction ratios, that 1s, the ratio of the area encompassed by
the leading edge of the inlet to the minimum inlet area, of 1,16 and 1.33),
and the two lips with elliptical profiles (providing contraction ratios _
of 1,08 and 1,18). The tests were conducted in one of the Ames T- by 10-
foot wind tunnels,

NOTATTION o ' N

The followling symbols and subscripts are used in this report:

A area, s8q ft

H total pressure, 1b/sq £t I
M Mach number

m mass-flow rate, pAV, slugs/sec

my reference mass-flow rate, pohA,Vg, slugs/sec "~

q dynamic pressure, 1b/sq ft . _ —
r radius, in,

v air veloclty, ft/sec

x axial distance, in,

¥y ordinate, measured normsl to body axis, in,

o angle of attack, deg

ol masg density of air, slugs/cu £t
Subsecripts
i local conditions at the face of the total-pressure rake, station

36.25 (fig, 1)

o conditions 1n.the free stream
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1 average conditions at the exit of the constant-area portion of the
inlet, station 15.00 (A; = 0.09L42 sq ft)

3 average conditions at the face of the total-pressure rske, station
36.25 (Ag = 0.1389 sq ft)

MODEL AND TESTS

The model used in the tests was a streamline body of revolution with
internal ducting and provisions for mounting interchengesble inlet por-
tions at the nose (figs. 1, 2, and 3). The body, which had a meximum
diameter of 12 inches at station 72.00, was mounted on an 8-inch-dismeter
vertical strut through which the inlet air flow was exhausted. The total
length of the body was 129 inches.

The inlet portions (fig. 2) were machined from sluminum or brass
cagtings, and the 1lip profiles were formed within the boundaries of a
basic sharp-edged inlet. This sharp-edged inlet was formed with a conical
outer surface, tangent to the baslc forebody at station 1k,118, and with
a cylindrical inner surface with & radius of 2.078 inches extending from
the sherp leading edge, station 9.00, to station 15.00. The angle between
the inner and outer surfaces was about 7-1/2°,

In addition to the sharp-edged inlet, two with circular-arc profiles
and two with elliptical internal and epproximately elliptical external
profiles were tested., (The two types of profiles will be referred to &s
circular type and elliptical type in the rest of the report.) The profiles
are ldentified by numbers and letters as shown in figure 2, The number is
approximately equal to the decimal portion of the inlet contraction ratio
while the letter R indicates a circular profile and the letter E, an ellip-
tical profile., Thus, lip 16R had a circular profile and the area encom- '
passed by the leading edge was about l6-percent (actually 15.8 percent,
as tabulasted in fig. 2) grester than the minimum inlet area. The minimum
inlet ares was equal to 12 percent of the maximum frontal area of the body.

The diffusion ratio of the internal duct (Ag/A;) was 1.47h, The
included angle of the unobstructed conical portion of the diffuser - from
station 15,00 to station 32.00 - was about 4°,

The air flow through the inlet and subsequent ducting was regulated
by an exhaust pump ocutside the wind-tunnel test chamber., The rate of inlet
alr flow was measured by a calibrated orifice meter, and the loss of total
presgsure from the free stream to the simulated turbojet-engine compressor
inlet, station 3 (station 36.25, fig. 1), was measured by a rake consisting
of 24 total-pressure and 4 static-pressure tubes. The total-pressure loss
was measured for mass-flow ratios m m8 from 0.6 to choking for each lip
for sngles of attack of 0%, 5%, 10°, 15°, 20°, and 25°, The test Mach
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number was 0,237, corresponding to a dynemic pressure of 80 pounds per
square foot and a Reynolds number of 136,000 per inch, No tumnel-wall
correctlons were applled to any of the data, : '

RESULTS AND DISCUSSION

The verlastions of average total-pressure ratio .Hz/H, and mass-flow
ratlo m;/mo with the Mach number at the simulated compressor entrance-
Mg are presented in figures l{a) through 4(f) for each lip and each test
angle of attack.. A comparison of the characteristlcs for the inlet with
the various types of lips shows that, in general, for all the lips there
was a decrease of total-pressure ratioc as elther masg-flow ratio or angle
of attack was increased (an exception, which will be discussed below,
occurred with 1lip 33R at an angle of attack of 20°), However, the ellip-
tical lips demonstrated an abllity to maintain higher total-pressure
ratios over a limited range of mass-flow ratios or angles of attack than
did corresponding circular lips., ("Corresponding lips" refer to ellipti-
cal and clrcular lips having gbout the same cantraction ratios which were
formed by cutting back the basic sharp lip spproximately equal esmounts,)
Thus, the total-pressure ratio measured with 1lip 8E remained as high as
that with 1ip 33R up to a mass-flow ratio of sbout 1.6 (Mg = 0.27) at
o = 0° and up to a mass-flow ratio of asbout 1.4t (Mg % 0.23) at o = 5°,
Similarly, the total-pressure ratio measured_with 1lip 18E remained about
the same as that with lip 33R throughout the Pange of mass-flow ratios
for angles of attack of 0° and 59, and up to.a mass-flow ratio of about
1.6 (Mg = 0.27) at « = 100 and 1.4 (Mg = 0.23) at o = 15°, For both
of the elliptical lips, the range of high total-pressure ratios terminated
abruptly, probably as a result of an gbrupt separation of the inlet flow
from the inner surface of the lips.

For 1ip 33R at an angle of attack of 209, the internal flow, which
1s: believed to have been separated from the lower portion of the lip at _
the lowest mass-flow ratios, eppears to have reattached above _ _
mi/mg = 1.0 (Mg ® 0.16) and high total-pressure retlos were measured until
separation agaln ocecurred sbove my/my = 1.9 (Mg = 0.31)., The total-
Pressure ratlios for 1lip 33R at high mass-flow ratios at o = 209, and
over the entire mass-flow range et o =:25°, were approximately the same
as those for lip 18E, (With 1ip 33R it was possible to attain a total- .
pressure retio greater than. 0,99 for the intermediate mass-flow ratios -
near m;/me = 1,6 - for angles of attack as high as 25°. This was accoti-
plished by setting the mass-flow ratio at an angle.of attack below 200,
then Increasing o. The flow condltions thus established in the inlet
were unstsble at 25°, however, and either ralsing or lowering the mass-
flow ratio & small amount induced separation of the inlet flow and the
characteristlcs reverted to those shown in figure h(b).)
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Figure 5, which includes-crossplots of the faired curves of figure L,
provides a graphic picture of the increasing superiority of the blunt lips
over the sharp lip, and of lips 18E and 33R over lips 16R and 8E, at all
angles of attack as the mass-flow ratio was increased to choking values,
The total-pressure ratlos for high angles of attack and for high mass-
flow ratios should be consldered as gqualitative data only because of the
Inherent inaccuracy of totel-pressure measurements by means of impact
tubes in regions of unsteady flow, such as those which exist at high
angles of attack due to flow separation from the lips and those which
were shown in reference 1 to exist at high mass-flow ratios. The maxi-
mum, or choking, mass~flow ratios from the curves of figures I{a) through
h(ff were utlilized in figure 6 to show the small variation of the choking
mags~-flow ratio with angle of attack for each of the lips.

The effects of increasing the angle of attack on the total-pressure
ratio at the simulated turbojet-engine compressor entrance were evidenced,
not only by the reduction of the average total-pressure ratios Ha/H,,
bt also by an asymmetry of the contours of total-pressure ratio Hi/Hg.
This flow asymmetry may have a large effect on the performance of a
turbojet engine, and the extent to which the esymmetry is affected by 1lip
profile is illustrated in figures 7 and 8 where faired contours of total-
pressure ratio are presented, Exampleg are included for each of the lips
for angles of attack of 0°, 15°, and 25° (0°, 20°, and 25° for lip 33R
for m3/my = 1.6) for a mass-flow ratio of about 1.6 (fig. 7) and for the
critical mass-flow condition (fig. 8).

Inspection of the figures revezld that the maximum circumferential
variation of local total-pressure ratio occurred, in most cases, at a
radius of sbout 2 inches (the radius of the center body was 1.261 inches
and the radius to the duct wall was 2.822 inches as shown in fig. 1) for
the high-angle-of-attack cases presented, In general, the pressure
variations measured with lips 16R and 18E were of about equal magnitude
for the various conditione presented but were somevwhat larger than those
with 1lip 33R. The greatest pressure variations were, of course, measured
with lips 8E and O, Tt can be seen from figures T and 8 that the separa-
tion of the internal flow from the lower portion of the lips at angles
of ettack of 15° and 25° resulted, in general, in a region of low total
pressures in the lower portion of the duct and a reglon of comparatively
high pressures in the upper portion. An exception to this general trend
occurred in the case of 1lip 33R at the critical mass-flow ratio (fig.
8(c)); the reasons for this exception are not spparent.

Contour plots are included In figures 9, 10, and 11 to illustrate:
the flow changes at the simulated engine-compressor entrance for selected
conditions -for the inlet with three of the lips. The chenge from a sym-
metric to an asymmetric flow condition with 1lip 18E is shown in figure 9
where the contour plots for an angle of attack of 15° and mass~flow ratios
of 1.4 and 1.51 are presented, The decrease of the average total-pressure
ratio HS/HO accompanying the flow change was noted previously in figure
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4(a)., Similarly, the flow changes accompanying the total-pressure loss
guffered with 1ip 33R between the mass-flow ratios of 1.87 and 2.08 at an
angle of attack of 20° (fig, 4(e)) are illustrated in figure 10,

In flgure 11, the flow changes accompanying the choking of the inlet
with 1ip 0 at o« = 0° are shown. The three conditions included corre-
spond with high subcritical, critical, and supercritical 1lnlet flow
(Mg = 0.37, 0.41, and 0.46, respectively). For the suberitical and
supercritical conditlons the lowest total pressures were measured at
the outer wall of the duct with Hz/Ho_ Increasing steadily across the
ennular duct to the highest values, which were messured adjacent to the .
center body. Near the critical inlet-flow conditions, however, losses
appear to have occurred in the center of the duct, perhaps as a result
of the shock waves in the center of the inlet discussed in reference 1,
or as a result of a temporary separation of the flow from the center
body. Whatever the cause, the effeet was an annular peak in the total-
pressure ratio at a radius of about 1.85 inches, with lower pressures
at the duct wall and adjacent Lo the center body.

National Advigory Committee for Aeronautics
Ames Aercnauticsl Laboratory
Moffett Field, Callf,, Mar, 21, 1955

REFERENCE

1. Blackeby, James R,, and Watson, Earl C.: An Experimental Investigation
at Low Speeds of the Effects of Lip Shepe on the Drag and Pressure
Recovery of a Nose Inlet in a Body of Revolution., NACA TN 3170,

1954,

[



98.00
129.00

& [} -
B F ]
s an_ _ TN _ N
iation () Siaiion
o] o on M 0 o o
o) o] o 8 on g ! a B g
ai G ol 6@ = o
- n o © R © &
‘ o
AIAIY, W’
_—-“‘-1

ror S FTIIF, Illllagggggggég é

- -
Xq.,__ I
%/:////x//; r oo
Dausica Lad..

pasic oody
\—Ducted body

nose
inlet portion (see Toiul-pmuura-recovsry
rake

fig. 2)
(Max. diam, of cemrbody =2.522)
Maximum
External ordinaies diameter
Forebo After]
Y body Internal ordinates

Station | Radius || Station | Radius || Station | Radius -

0| o 4900|5535 || 9600 | 5.120 Station | Rodius
0.00 (20220 58001 5852 1110200 | 4560 8.00 | 2078

00 b 076w 69.00] 5992 [li08.00 | 3870 I500 | 2078
14018 | 2.753 || 72.00| 6000 || 14.00 | 3400 3500 | 2822
190013342 Il 7800l sesall u700! 2625 4083 | 2822
2400 [3.858 | 8100 5900 [[12000 | 2050 6155 | 5000
29.00 | 4308 || 84.00 | 5820 [[126.00| 0.730 7638 | 5.000
3400 | 4695 [ 9000 | 5530 [[120.00{ ©
39.00 | 5028
(i Basic body
 Ducted body

L e 1 MAA Aakadlo A1 Admarad An
LWL T L™ MWULCTL WO U LLD s \-:LL..I. (ORI A= A AL

E 8%tube strut
i

Wind-tunnel ﬂoor

r==

#6EE NI VOVH



518

DN

l-— 2.753

-8
S el i 2 N
r ?
|
IR -
| © 3
| °
I -y
I i- - Duct § —
Clrcular lip dimensions
Lip Contraction
.. .. ILip radius A he ratio
designation ol /12
0 o] 4] 2078 1.000
I6R 0.6 244 |2.238 1158
33R 0.32 488 |2.398 1.330

All dimensions in inches.

- 5.118 *1
~~——B
ot N
=T TF _ ANANUANS N
| }_ * Xhl n
| .E X - %‘3
| o 4 o
oo }
I [
| t _ _
Elliptical lip dimensions (Y/X=0.2777)
Lip Contraction
designation| ¥ X B fm | S
LESY
BE 0080 (0.288 | LI30 {2158 1.078
IBE Q.1T6 | 0632 | 2500 |2.254 arT
Lip coordinates
x/X y7Y x7X vy
Internal External Internal | Externdl
0 0 0 0.333 0.747 o9l
0.007 0.120 Q.133 445 834 1.031
019 194 227 356 Ba4 1128
037 .267 314 704 954
D46 300 352 T4 962
N || 460 B34 .BS2 988
185 580 895 LO00 1.000
239 B75 809

Figure 2.- Inlet details.

76EE NI VOVN




2Q

NACA TN 3394

Figure 3.~ Photograph of the

model installed
wind tunnel.
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(d) critical mass flow

(e) m,/my = 2,0

geveral massg-flow retics,



2.8

2.6

2.4
(R

2.2

2.0

" LipoO
————— — i6 R
33R
8E
IBE
- - T --""-—..
= T~ o — 4 — —|— — |
p— - - -——L—-—_.._ —
'-ﬁ_______—*
--.__\
—__L____.‘.
——
0 4 8 12 16 20 24 26
a

Figure 6. The varilation of maximum mase-~flow ratio with angle of attack for each of the lips,

HOEE NI ¥OVN

i1

¢




N\

&
(/7

O

Rl

4
y R O S O
it :_3-0:7 &J
// ° | g™ \ ! ) /

Ms=02T ; a =25°

(

\

[
\
/

a=0"
ﬂ_'l_l_ H—a.- ﬂ‘ H';"
m°-|.5| Ho 0,972 Mg .59 Hy 0.936

:(a) Iip ©

Figure T.- Typlcal contours of total-pressure ratic et the simulated engine-compressor entrance for
ea-c_!h OI t}_ll_:_! lipq for ]'I'I /Tﬂ- ~ '] 6 r-n'n+nn'r- 'i'l’l"‘ﬁ'l‘"ﬂ'ﬂ" = ﬁ nes {IT"hn +f'\’n n"P +ha P49marac AanmmasnArAo

R Wil el PLEL=i N N - Vide dd@AL e WAL ke LD

with the leevard side of the model )

»
-

-

*

8T

HEEE NL VOVN







/‘\
Nf“ﬂ\ PRy
// \\\\ NIV 78R\
T \\\\//////\\\\

\Vx/ﬂ N&JW/

= V-uu‘r

M3=0.28 a=25" M3=0.27
m_ Hy m_
| mgnle4 H, = 0-994 mgr1-6l



ﬁ%\
7 ‘af
\<L>

ﬂ}/

&i*% / B
2 5 / / —~
] wf
FF F |

+
(e

3 o /

\1
7

N

: % \_Z
~1

\_r/




(

\J
~_ =

o
RN
(/%5

NN

] \ \\\s'
W s

I F \
1] [ ]
o O
w N
|
131

: |
2
(

\
g
\

P
iy




\V

\q:::::q::::Z:"

a=0° Mz=046
m Hs |
e 247 Mo 0.819

(a) Lip ©

Figure 8.- Typical contours of total-pressure ratlio at the simulated englne-compressor entrance for
each of the lips for criticel mass-flow conditions; contour interval = 0.025. (The top of the

figures corresponds with the leeward side of the model.)

76EE ML VOVN

£e




L - e

\m

>

/



N
DNV =

= ) ”///N(\\\\
S=4




//"_
Ve

S\

[ fan\) iy

/F

SO\

//////// "N

=
7 R \\\

L e
iiiii

=JiraN)




H3z
H_.l"'\ -----




SRR N

NN

| N O A O |

a =15° M3=0.23 : a =|15° M3=0.25
H

M1 44 3 - 0.995 m e Hs 0088

g I'Io g HO

Figure 9,- Conbours of total-pressure ratlo at the simulated engine-compressor entrance for the
model with 1ip 18E 1llustrating change of distribution accompanying separstion from the lower
1ip at an angie of attack of 15°; contour interval = C.025, (The top of the figures corresponds
with the leeward side of the model,)

g2

W6EE NI VOVN




TR f%
SRy —
S~ N s

®6EE NI VOVN

@ =20° M3=0.3I a =20° M3=0.36
M, Hs m . H3
= 1.87 Ho=0.992 =208 i =0.970

Figure 10.- Contours of tobtal-pressure ratio at the slmulated englne-compressor entrance for the
model with 1ip 33R illustrating the change of distribution accompanying separation from the
lover lip at an angle of. sttack of 20°; contour interval = 0,025, (The top of the figures

corresponds with the leeward silde of the model,)

62




0001 -~ $9-L1-§ - AePimiI-YOVN

AT s ortTa L Ao .
oA Cr UL ma#.—l- U_bmy CoDWL CLLIUVL Cullo T

ot

HGEE NI VOVN




